Express Mailing Label No. EL 981 993 595 US 



PATENT APPLICATION 
Docket No. 14321.57 



APPLICATION FOR UNITED STATES LETTERS PATENT 



INVENTOR(S): Masato MIZUKAMI 

Kunihiko SASAKURA 
Kazumasa KANEKO 
Yoshitaka ENOMOTO 



INVENTION: OPTICAL CONNECTOR PLUG, OPTICAL 

CONNECTOR PLUG CONNECTING METHOD, 
OPTICAL FIBER CROSS-CONNECTION 
APPARATUS, OPTICAL FIBER CORD 
RETRACTING METHOD, OPTICAL FIBER 
CORD RETRACTION DEVICE, AND 
OPTICAL CONNECTOR PLUG ALIGNMENT 
BLOCK 



SPECIFICATION 



5 



20 



This application claims priority from Japanese 
Patent Application Nos. 2002-255118 filed August 30, 
2002 and 2002-267958 filed September 13, 2002, which 
are incorporated hereinto by reference. 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

10 The present invention relates to an optical 

connector plug, an optical connector plug connecting 
method, an optical fiber cross-connection apparatus, 
an optical fiber cord retracting method, an optical 
fiber cord retraction device, and an optical connector 

L5 plug alignment block all used in a cross -connecting 
operation in an optical network that is performed by 
automatically connecting or disconnecting optical 
fibers through the optical connector plugs by using a 
handling device. 



DESCRIPTION OF THE RELATED ART 

An optical fiber cross-connection apparatus 
connects or disconnects given optical fibers in a 
25 group of operated-side optical fibers to and from a 
group of stationary-side optical fibers. One such 
optical fiber cross-connection apparatus that auto- 
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mates the optical cross -connecting operation by using 
a handling device has been proposed in Japanese Patent 
Application Laid-open No. 7-318820 (1995). In this 
optical fiber cross-connection apparatus, the handling 
5 device connects and disconnects optical connector 
plugs connected to front end portions of optical fiber 
cords by freely moving in a three-dimensional space 
through a moving means that is movable in an X- 
direction along a horizontal plane, in a Y-direction 
10 perpendicular to the X-direction and along the hori- 
zontal plane and in a Z -direction along a vertical 
direction. 

A schematic plan view of a conventional optical 
fiber cross-connection apparatus is shown in Fig. 33 

15 and its side view in Fig. 34. In Fig. 33 and Fig. 34, 
the optical fiber cross-connection apparatus 100 has a 
connection block 103, an optical connector plug align- 
ment block 104, a handling system 105, an actuating 
system 108, an optical fiber cord retraction device 

20 106, and a redundant cord storage unit 107. The con- 
nection block 103 has a plurality of optical adapters 
111 for connecting optical connector plugs 110, each 
joined with an optical fiber cord 101 on an output 
side, to optical connector plugs 109 each joined with 

25 an optical fiber cord 102 on an input side. The opti- 
cal connector plug alignment block 104 is arranged to 
oppose the connection block 103 and has an array of 
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support holes to hold the optical connector plugs 109 
of the input-side optical fiber cords 102 in a prede- 
termined alignment. The handling system 105 holds an 
optical connector plug 109 to draw out the optical 
5 fiber cord 102 from the optical connector plug align- 
ment block 104 and connects and disconnects the opti- 
cal connector plug 109 to and from the optical adapter 
111. The actuating system 108 moves the handling 
system 105 to a given position on the connection block 

10 103 and the optical connector plug alignment block 104. 
The optical fiber cord retraction device 106 retracts 
rearwardly of the optical connector plug alignment 
block 104 the optical fiber cord 102 whose optical 
connector plug 109 was pulled out of the optical 

15 adapter 111. The redundant cord storage unit 107 
accommodates the optical fiber cord 102 being re- 
tracted. 

The optical fiber cord retraction device 106 has 
a retraction roller 106a that carries the input -side 

20 optical fiber cords 102 and an idle roller 106b dis- 
posed above the retraction rollers 106a and moved 
along the axis of the retraction roller 106a by the 
actuating system 108. 

The conventional optical fiber cross-connection 

25 apparatus 100 cross-connects of optical fiber cords in 
the following steps. First, optical fiber cords 102 
whose optical connector plugs 109 were disconnected 
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cal connector plugs are used which have their connect- 
ing end surface polished at a predetermined angle to a 
plane perpendicular to a light axis. Thus, where the 
APC optical connector plugs are used on the conven- 
5 tional optical fiber cross-connection apparatus, since 
optical connector plugs need to be connected such that 
their connecting end surfaces contact each other in a 
parallel state, the attitudes of the optical connector 
plugs as they are inserted into the connection block 

10 are not uniquely determined. This makes it difficult 
to apply the conventional structure as is to the APC 
optical connector plugs. 

Further, when an optical connector plug is in- 
serted into the optical adapter with the plug attitude 

15 rotated from a connection attitude in which the opti- 
cal connector plug can be connected or when the opti- 
cal connector plug inserted in the optical adapter is 
applied a rotating force, expected optical character- 
istics, such as a desired insertion loss, may not be 

20 obtained. 

There is another problem with the conventional 
optical fiber cross-connection apparatus. When an 
optical connector plug is pulled out from the optical 
adapter of the connection block by a handling device 

25 and its optical fiber cord is retracted by the optical 
fiber cord retraction device to be accommodated in the 
redundant cord storage unit, a flange of the optical 
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connector plug may get entangled and caught by other 
cords, rendering a normal retraction of the cord im- 
possible . 

Further, the conventional optical fiber cross - 
5 connection apparatus or the optical fiber cord retrac- 
tion device has the following problem that needs to be 
addressed. That is, optical fiber cords are subjected 
to repetitive retracting operations as they are re- 
tracted back toward the redundant cord storage unit by 

10 the optical fiber cord retraction device and also to 
repetitive feeding operations as the optical connector 
plugs are drawn forward from the optical connector 
plug alignment block by the handling system. Thus, the 
optical fiber cords may develop persisting physical 

15 distortions, such as twists and bends. Therefore, if 
the optical fiber cords are moved forward and backward 
by holding them between the retraction roller and idle 
roller, they may get dislocated from between the re- 
traction roller and idle roller due to their physical 

20 distortions, such as twists and bends. 

Further, depending on a distance between the 
provided positions of the optical connector plug 
alignment block and the redundant cord storage unit, 
the optical fiber cords that are being retracted by 

25 the optical fiber cord retraction device into the 
redundant cord storage unit may not be normally accom- 
modated into the unit . 
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SUMMARY OF THE INVENTION 



A first object of the present invention is to 
5 provide an optical connector plug, an optical connec- 
tor plug connecting method, an optical fiber cross- 
connection apparatus, an optical fiber cord retracting 
method, an optical fiber cord retraction device, and 
an optical connector plug alignment block, all of 

10 which can be applied to an optical connection at a 
specified position, as in an APC optical connector 
plug, secure high reliability for optical cross - 
connecting, eliminate entanglement during cord windup, 
and reduce cost . 

15 A second object of the present invention is to 

provide an optical fiber cross-connection apparatus, 
an optical fiber cord retracting method and an optical 
fiber cord retraction device, all of which can prevent 
optical fiber cords from getting dislocated from be- 

20 tween a retraction roller and an idle roller even 
after the optical fiber cords have been subjected to 
repetitive retraction operations, and which ensure 
that the retracted optical fiber cords are accommo- 
dated in the redundant cord storage unit, thus enhanc- 

25 ing reliability of the optical cross-connecting opera- 
tion. 

A first aspect of the present invention is an 
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optical connector plug joined to a front end of an 
optical fiber cord covering an optical fiber and re- 
movably inserted to one end of an optical adapter 
having a locking member for locking the optical con- 
5 nector plug in an engaged state, the optical connector 
plug comprises an inserted portion removably inserted 
to one end of the optical adapter, a plug body joined 
to a front end of the optical fiber cord, a locking 
portion formed between the plug body and the inserted 

10 portion and locked by the locking member of the opti- 
cal adapter, and a rotational phase reference surface 
formed on the plug body away from the locking portion. 

In the optical connector plug according to the 
first aspect of the present invention, the inserted 

15 portion is inserted into one end of the optical 
adapter in such a manner that the rotational phase 
reference surface of the optical connector plug has a 
predetermined positional relation with respect to the 
optical adapter. The locking member of the optical 

20 adapter engages with a locking portion of the optical 
connector plug to integrally connect the plug to the 
optical adapter. 

According to the optical connector plug which is 
the first aspect of the present invention, not only 

25 can the plug be set to a predetermined rotational 
position relative to the optical adapter by using the 
rotational phase reference surface of the plug, but 
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the plug can also be inserted firmly to the optical 
adapter by engaging the locking portion with the lock- 
ing member of the optical adapter. It is thus possible 
to secure a highly reliable optical connection even in 
5 the case of the APC optical connector plug. 

In the optical connector plug according to the 
first aspect of the present invention, the optical 
connector plug may further comprise a flange portion 
formed between the inserted portion and the plug body 

10 and having a larger diameter than those of the in- 
serted portion and the plug body, a tapered portion 
formed between the flange portion and the plug body 
and having a conical inclined surface tapering from 
the flange portion toward the plug body, and a notched 

15 portion formed in the tapered portion in association 
with the rotational phase reference surface and ad- 
joining to the flange portion, the notched portion may 
act as the locking portion. In this case, when the 
locking member of the optical adapter is disengaged 

20 from the locking portion of the optical connector plug 
and the plug is pulled out of the optical adapter and 
moved rearwardly, other optical fiber cords lying 
nearby do not catch a flange portion of the plug being 
retracted but ride over a tapered portion of the plug, 

25 allowing the optical connector plug to be retracted 
smoothly. Further, by engaging a notched portion with 
the locking member, the operated-side optical connec- 
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tor plug can also be blocked from rotating relative to 
the optical adapter, ensuring a more reliable fixing 
of the optical connector plug with respect to the 
optical adapter. 

The rotational phase reference surface may be a 
pair of mutually parallel planes separated 180 degrees 
apart along a circumference of the plug body. In this 
case, the optical connector plug can easily be kept in 
a predetermined rotational position or alignment by 
gripping the plug at the rotational phase reference 
surface . 

The optical fiber cord may have a cross -sectional 
shape such that its dimension along a first direction 
perpendicular to a longitudinal direction of the cord 
and its dimension along a second direction perpendicu- 
lar to the longitudinal direction and the first direc- 
tion differ from each other, the plug body may be 
joined to the front end of the optical fiber cord with 
the first and second directions associated with the 
rotational phase reference surface. In this case, when 
the optical connector plug joins to the front end of 
the optical fiber cord, the rotary phase of the opti- 
cal fiber cord can easily be matched to the rotational 
phase reference surface of the optical connector plug. 

The optical fiber may have a connecting end 
surface inclined with respect to an optical axis of 
the fiber and the rotational phase reference surface 
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is formed in association with a direction of inclina- 
tion of the connecting end surface of the optical 
fiber. In this case, it is possible to realize a 
highly reliable optical connection even when the opti- 
5 cal connector plug is an APC optical connector plug. 

A second aspect of the present invention is an 
optical connector plug connecting method for optically 
connecting a given operated- side optical connector 
plug to a given stationary- side optical connector plug 

10 for optical connection by moving the operated- side 
optical connector plug between a connection block and 
an optical connector plug alignment block, wherein the 
connection block has a plurality of optical adapters 
arranged in a predetermined alignment, to first ends 

15 of which are inserted the stationary- side optical 
connector plugs joined to front ends of stationary- 
side optical fiber cords, wherein the optical connec- 
tor plug alignment block has a plurality of guide 
passages formed therein in a predetermined alignment 

20 which can hold a plurality of operated- side optical 
connector plugs to be removably inserted in second 
ends of the optical adapters for optical connection 
with the stationary- side optical connector plugs and 
which allow a plurality of operated- side optical fiber 

25 cords joined at their front ends with the operated- 
side optical connector plugs to pass therethrough, 
wherein the operated- side optical connector plugs each 
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have a rotational phase reference surface, the optical 
connector plug connecting method comprises the steps 
of gripping with a handling device the rotational 
phase reference surface of the given operated- side 
5 optical connector plug held in the optical connector 
plug alignment block, moving the operated- side optical 
connector plug gripped by the handling device toward 
the connection block, putting the operated-side opti- 
cal connector plug gripped by the handling device 

10 opposite the given stationary-side optical connector 
plug held in the connection block, and inserting the 
operated- side optical connector plug gripped by the 
handling device into the second end of the optical 
adapter in a state such that the rotational phase 

15 reference surface of the operated-side optical connec- 
tor plug is associated with the stationary-side opti- 
cal connector plug. 

According to the optical connector plug connect- 
ing method which is the second aspect of the present 

20 invention, the rotational phase reference surface of 
the given operated- side optical connector plug held in 
the optical connector plug alignment block is gripped 
by the handling device to set the plug to a predeter- 
mined rotational phase with respect to the optical 

25 adapter at all times. This realizes a highly reliable 
optical connection, even with an APC optical connector 
plug. 
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In the optical connector plug connecting method 
according to the second aspect of the present inven- 
tion, the step of moving the operated- side optical 
connector plug toward the connection block may be 
5 performed away from a cord stretching plane in which 
the plurality of operated-side optical fiber cords 
extend between the connection block and the optical 
connector plug alignment block. In this case, the 
operated- side optical connector plug to be connected 

10 can be moved toward the connection block without being 
interfered with by other operated-side optical fiber 
cords lying in the cord stretching plane* 

A third aspect of the present invention is an 
optical fiber cross-connection apparatus which com- 

15 prises a connection block having a plurality of opti- 
cal adapters arranged in a predetermined alignment, to 
first ends of which are inserted stationary- side opti- 
cal connector plugs joined to front ends of station- 
ary-side optical fiber cords and to second ends of 

20 which are removably inserted operated- side optical 
connector plugs for optical connection with the sta- 
tionary-side optical connector plug, a plurality of 
locking members provided to the connection block to 
lock the operated- side optical connector plugs to the 

25 optical adapters, an optical connector plug alignment 
block having a plurality of guide passages formed 
therein in a predetermined alignment which allow a 
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plurality of operated- side optical fiber cords to pass 
therethrough so that the operated- side optical connec- 
tor plugs are lain between the optical connector plug 
alignment block and the connection block, and a han- 
dling device to act on the locking member to unlocking 
the operated- side optical connector plug from the 
optical adapter, and to grip the operated- side optical 
connector plug held in the optical connector plug 
alignment block and insert it into the given optical 
adapter, wherein the optical connector plug has an 
inserted portion removably inserted into one end of 
the optical adapter, a plug body joined to a front end 
of the optical fiber cord, a locking portion formed 
between the plug body and the inserted portion and 
engaged by the locking member, and a rotational phase 
reference surface formed in the plug body away from 
the inserted portion and gripped by the handling de- 
vice . 

In the optical fiber cross-connection apparatus 
according to a third aspect of this invention, the 
handling device operates the locking member to unlock 
an operated-side optical connector plug from the opti- 
cal adapter, after which the operated- side optical 
connector plug is moved toward the optical connector 
plug alignment block. Conversely, in making an optical 
connection, the handling device grips the rotational 
phase reference surface of the given operated- side 



optical connector plug held in the optical connector 
plug alignment block and then inserts the plug into 
one end of the given optical adapter, causing the 
locking member of the optical adapter to engage with 
5 the locking portion, thus integrally connecting the 
operated- side optical connector plug to the optical 
adapter* 

According to the optical fiber cross-connection 
apparatus which is the third aspect of the present 

10 invention, the given operated- side optical connector 
plug can be set to the predetermined rotational phase 
with respect to the optical adapter at all times by 
gripping with the handling device the rotational phase 
reference surface of the plug held in the optical 

15 connector plug alignment block. It is thus possible to 
realize a highly reliable optical connection, even 
with an APC optical connector plug. 

In the optical fiber cross-connection apparatus 
according to the third aspect of the present invention, 

20 the optical fiber cord may have a cross -sectional 
shape such that its dimension along a first direction 
perpendicular to a longitudinal direction of the cord 
and its dimension along a second direction perpendicu- 
lar to the longitudinal direction and the first direc- 

25 tion differ from each other, wherein the plug body may 
be joined to a front end of the optical fiber cord 
with the first and second directions associated with 
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the rotational phase reference surface, wherein the 
guide passages in the optical connector plug alignment 
block may have a cross -sectional shape corresponding 
to that of the optical fiber cord. In this case, when 
5 the operated- side optical connector plug joins to the 
front end of the optical fiber cord, the rotary phase 
of the optical fiber cord can easily be matched to the 
rotational phase reference surface of the optical 
connector plug. Further, since the rotational position 

10 of the operated- side optical connector plug held in 
the optical connector plug alignment block can be kept 
in a predetermined alignment by using the cross - 
sectional shape of the optical fiber cord and the 
corresponding guide passage in the optical connector 

15 plug alignment block, the handling device can grip the 
rotational phase reference surface of the operated- 
side optical connector plug easily and reliably. 

A fourth aspect of the present invention is an 
optical fiber cross-connection apparatus which com- 

20 prises a connection block having a plurality of opti- 
cal adapters arranged in a predetermined alignment , to 
first ends of which are inserted stationary- side opti- 
cal connector plugs joined to front ends of station- 
ary-side optical fiber cords and to second ends of 

25 which are removably inserted operated- side optical 
connector plugs for optical connection with the sta- 
tionary-side optical connector plug, a plurality of 
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locking members provided to the connection block to 
lock the operated- side optical connector plugs to the 
optical adapters, a redundant cord storage unit into 
which an operated-side optical fiber cord joined at 
its front end with the operated- side optical connector 
plug is retracted after the operated-side optical 
connector plug is optically disconnected from the 
stationary-side optical connector plug, an optical 
connector plug alignment block provided between the 
redundant cord storage unit and the connection block 
and having a plurality of guide passages formed 
therein in a predetermined alignment which allow the 
plurality of operated- side optical fiber cords to pass 
therethrough so that the operated- side optical connec- 
tor plugs are lain between the optical connector plug 
alignment block and the connection block, an optical 
fiber cord retraction means provided between the opti- 
cal connector plug alignment block and the redundant 
cord storage unit to retract the operated- side optical 
fiber cord of the optically disconnected operated- side 
optical connector plug into the redundant cord storage 
unit, and a handling device to act on the locking 
member to unlock the operated- side optical connector 
plug from the optical adapter, and to grip the oper- 
ated-side optical connector plug held in the optical 
connector plug alignment block by the optical fiber 
cord retraction means and insert it into the given 



optical adapter, wherein the optical fiber cord re- 
traction means has a retraction roller driven to ro- 
tate and having an outer circumferential surface 
formed with a plurality of guide grooves axially 
5 spaced at predetermined intervals, the guide grooves 
being adapted to hold individual operated- side optical 
fiber cords, a slider movable parallel to a rotating 
axis of the retraction roller, and a rot at able idle 
roller supported on the slider so that it can be moved 

10 toward and away from the retraction roller and adapted 
to hold between it and the retraction roller the oper- 
ated-side optical fiber cord being retracted into the 
redundant cord storage unit . 

In the optical fiber cross-connection apparatus 

15 according to the fourth aspect of the invention, the 
handling device operates the locking member to unlock 
the operated- side optical connector plug from the 
optical adapter, after which an optical fiber cord 
retraction means is activated to move the operated- 

20 side optical connector plug toward the optical connec- 
tor plug alignment block to retract the optical fiber 
cord of the plug into the redundant cord storage unit . 
At this time, the optical fiber cord is kept held in 
the guide groove of the retraction roller as it is 

25 retracted into the redundant cord storage unit . For 
optical connection, the above process is reversed. 
That is, the handling device grips the given operated- 
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side optical connector plug held in the optical con- 
nector plug alignment block and then inserts the plug 
into one end of the given optical adapter, causing the 
locking member of the optical adapter to engage with 
5 the locking portion, thus integrally connecting the 
operated-side optical connector plug to the optical 
adapter. At this time, the optical fiber cord is held 
in the guide groove of the retraction roller as it is 
drawn from the redundant cord storage unit . 

10 According to the optical fiber cross-connection 

apparatus which is the fourth aspect of the present 
invention, since the operated- side optical fiber cord 
is held in the guide groove of the retraction roller 
as it is retracted or drawn, if the cord develops 

15 lasting deformations such as twisting and bending, the 
operated- side optical fiber cord can be prevented from 
being dislocated from between the retraction roller 
and the idle roller, thus assuring a reliable cross- 
connection of the optical connector plug. 

20 A fifth aspect of the present invention is an 

optical fiber cord retracting method for retracting an 
operated- side optical fiber cord joined at its front 
end with an operated- side optical connector plug into 
a redundant cord storage unit after the operated- side 

25 optical connector plug is optically disconnected from 
a stationary- side optical connector plug, wherein an 
optical connector plug alignment block is provided 
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between the stationary- side optical connector plug and 
the redundant cord storage unit, wherein the optical 
connector plug alignment block has a plurality of 
guide passages formed therein in a predetermined 
5 alignment which allow a plurality of the operated- side 
optical fiber cords to pass therethrough, wherein the 
operated- side optical connector plugs are lain between 
the stationary- side optical connector plugs and the 
optical connector plug alignment block, wherein the 

10 operated- side optical fiber cords have a cross- 
sectional shape such that its dimension along a first 
direction perpendicular to a longitudinal direction of 
the cord is larger than its dimension along a second 
direction perpendicular to the longitudinal direction 

15 and the first direction and the operated- side optical 
fiber cords are held between the stationary- side opti- 
cal connector plugs and the optical connector plug 
alignment block so that the first direction of the 
cords is vertical, the optical fiber cord retracting 

20 method comprises the steps of twisting the operated- 
side optical fiber cords between the optical connector 
plug alignment block and the redundant cord storage 
unit so that the first direction is horizontal, and 
retracting the operated- side optical fiber cords into 

25 the redundant cord storage unit with the first direc- 
tion of the cords set horizontal. 

In the optical fiber cord retracting method 
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according to the fifth aspect of the present invention, 
when the operated- side optical connector plug pulled 
out of the optical adapter is retracted toward the 
optical connector plug alignment block and its optical 
fiber cord is retracted into the redundant cord stor- 
age unit, the operated- side optical fiber cord is 
twisted between the optical connector plug alignment 
block and the redundant cord storage unit until a 
first direction of the cord is horizontal. As a result, 
the operated- side optical fiber cord is retracted into 
the redundant cord storage unit with its first direc- 
tion set horizontal, a condition in which the cord can 
be folded easily. 

According to the optical fiber cord retracting 
method which is the fifth aspect of the present inven- 
tion, since the operated- side optical fiber cord is 
twisted between the optical connector plug alignment 
block and the redundant cord storage unit until the 
first direction of the cord is horizontal, and the 
operated- side optical fiber cord is retracted into the 
redundant cord storage unit with the first direction 
kept horizontal, the operated-side optical fiber cord 
is stored in the redundant cord storage unit with the 
cord's first direction kept a horizontal condition 
that allows the cord to be folded easily. Therefore, 
the operated-side optical fiber cord can be effi- 
ciently stored in the redundant cord storage unit. 
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Further, since the operated- side optical connector 
plug is held in the optical connector plug alignment 
block with its first direction kept vertical, the 
operated- side optical connector plug can be kept al- 
5 most in a predetermined rotational position, assuring 
a highly reliable plug cross-connecting operation. 

A sixth aspect of the present invention is an 
optical fiber cord retracting method for retracting an 
operated- side optical fiber cord into a redundant cord 

10 storage unit by using a retraction roller and an idle 
roller after an operated- side optical connector plug 
joined to a front end of the operated- side optical 
fiber cord is optically disconnected from a station- 
ary-side optical connector plug, wherein the retrac- 

15 tion roller holds a plurality of the operated- side 
optical fiber cords in a predetermined alignment and 
the idle roller holds between it and the retraction 
roller the operated-side optical fiber cords, the 
optical fiber cord retracting method comprises the 

20 steps of moving the idle roller to a position facing 
the operated-side optical fiber cord to be retracted 
into the redundant cord storage unit, pressing the 
idle roller against the operated- side optical fiber 
cord to be retracted into the redundant cord storage 

25 unit so that the operated- side optical fiber cord is 
held between the idle roller and the retraction roller, 
and driving the retraction roller to retract the oper- 



22 



ated-side optical fiber cord held between the retrac- 
tion roller and the idle roller into the redundant 
cord storage unit. 

In an optical fiber cord retracting method ac- 
5 cording to a sixth aspect of the present invention, 
the idle roller is first moved to the position facing 
the operated- side optical fiber cord to be retracted 
into the redundant cord storage unit and then is 
pressed against the operated-side optical fiber cord 
10 to hold it between the idle roller and the retraction 
roller. This is followed by the driving of the retrac- 
tion roller to reliably retract only the given oper- 
ated-side optical fiber cord into the redundant cord 
storage unit . 

15 According to the optical fiber cord retracting 

method which is the sixth aspect of the present inven- 
tion, since the idle roller is moved to the position 
opposite the operated-side optical fiber cord to be 
retracted into the storage unit and pressed against 

20 the cord to hold it between the idle roller and the 
retraction roller, only the given operated-side opti- 
cal fiber cord can be retracted reliably into the 
storage unit. Further, when a new operated-side opti- 
cal connector plug is to be optically connected to the 

25 stationary- side optical connector plug, it is possible 
to stably draw out the operated- side optical fiber 
cord of the operated- side optical connector plug from 
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the storage unit, without entangling the cord. This 
ensures a highly reliable operation of the plug cross - 
connecting. 

A seventh aspect of the present invention is an 
5 optical fiber cord retraction device provided between 
a redundant cord storage unit and the optical connec- 
tor plug alignment block to retract an operated- side 
optical fiber cord joined at its front end with an 
operated- side optical connector plug into the redun- 

10 dant cord storage unit after the operated- side optical 
connector plug is optically disconnected from a sta- 
tionary-side optical connector plug, wherein the opti- 
cal connector plug alignment block has a plurality of 
guide passages formed therein in a predetermined 

15 alignment which allow a plurality of the operated- side 
optical fiber cords to pass therethrough, wherein the 
operated- side optical connector plugs are lain on that 
side of the optical connector plug alignment block 
which is opposite the redundant cord storage unit, the 

20 optical fiber cord retraction device comprises a re- 
traction roller driven to rotate and having an outer 
circumferential surface formed with a plurality of 
guide grooves axially spaced at predetermined inter- 
vals, the guide grooves being adapted to hold individ- 

25 ual operated- side optical fiber cords, a slider mov- 
able parallel to a rotating axis of the retraction 
roller, and a rotatable idle roller supported on the 
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slider so that it can be moved toward and away from 
the retraction roller and adapted to hold between it 
and the retraction roller the operated- side optical 
fiber cord being retracted into the redundant cord 
5 storage unit . 

In an optical fiber cord retraction device ac- 
cording to a seventh aspect of the present invention, 
after the operated- side optical connector plug is 
optically disconnected from the stationary- side opti- 

10 cal connector plug, the idle roller is moved to the 
position facing the operated- side optical fiber cord 
to be retracted into the redundant cord storage unit 
and is pressed against the operated-side optical fiber 
cord to push it against the guide groove in the re- 

15 traction roller, after which the retraction roller is 
driven to cause only the given operated- side optical 
fiber cord to be reliably retracted, still held in the 
guide groove of the retraction roller, from the guide 
passage in the optical connector plug alignment block 

20 into the redundant cord storage unit. 

According to the optical fiber cord retraction 
device which is the seventh aspect of the present 
invention, since the idle roller is moved to the posi- 
tion facing the operated-side optical fiber cord to be 

25 retracted into the storage unit and pressed against 
the operated- side cord held in the guide groove of the 
retraction roller to hold it between the idle roller 
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and the retraction roller , only the given operated- 
side optical fiber cord can be reliably retracted into 
the storage unit. Further, when the new operated- side 
optical connector plug is to be optically connected to 
5 the stationary- side optical connector plug, the oper- 
ated-side optical fiber cord of the operated- side 
optical connector plug can be drawn out stably from 
the storage unit without getting entangled- This 
ensures a highly reliable operation of the plug cross- 

10 connection. 

In the optical fiber cord retraction device 
according to the seventh aspect of the present inven- 
tion, the optical fiber cord retraction device may 
further comprise a guide block provided between the 

15 retraction roller and at least one of the optical 
connector plug alignment block and the redundant cord 
storage unit and having a plurality of guide passages 
formed therein in a predetermined alignment which 
allow a plurality of the operated- side optical fiber 

20 cords to pass therethrough. In this case, the idle 
roller ensures a smoother transfer of the operated- 
side optical fiber cord held in the guide groove of 
the retraction roller. 

The guide grooves of the retraction roller may be 

25 smaller in width, as measured along the rotating axis 
of the retraction roller, than the operated- side opti- 
cal fiber cords, or may be larger in width than the 
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operated- side optical fiber cords and have a depth 
smaller than the width of the operated- side optical 
fiber cords as measured in a direction perpendicular 
to the rotating axis of the retraction roller. Alter- 
5 natively, the guide grooves of the retraction roller 
are larger in width than the operated- side optical 
fiber cords and have a depth larger than the width of 
the operated- side optical fiber cords as measured in a 
direction perpendicular to the rotating axis of the 

10 retraction roller , wherein at least an outer 
circumferential portion of the idle roller may be 
smaller in width than the guide grooves. As above, 
appropriately setting a width and a depth of the guide 
groove in the retraction roller enables an operated- 

15 side optical fiber cord of an arbitrary cross- 
sectional shape to be stably held in the guide groove. 

The guide passages in the guide block may extend 
perpendicular to the rotating axis of the retraction 
roller and tangential to the guide grooves. In this 

20 case, since the operated- side optical fiber cord held 
in the guide groove of the retraction roller by the 
idle roller is arranged in a straight line between the 
guide groove and a guide passage in the guide block, 
the cord can be stably moved without developing defor- 

25 mations such as twisting. 

A eighth aspect of the present invention is an 
optical connector plug alignment block provided be- 
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tween a connection block and a redundant cord storage 
unit, wherein the connection block has a plurality of 
stationary- side optical connector plugs attached 
therein in a predetermined alignment which are to be 
5 optically connected with operated- side optical connec- 
tor plugs, wherein the redundant cord storage unit 
accommodates operated- side optical fiber cords joined 
at their front ends with the operated- side optical 
connector plugs after the operated-side optical con- 

10 nector plugs have been optically disconnected from the 
stationary- side optical connector plugs, wherein the 
operated- side optical connector plugs are lain between 
the optical connector plug alignment block and the 
connection block, wherein the operated-side optical 

15 fiber cords have a cross-sectional shape such that its 
dimension along a first direction perpendicular to a 
longitudinal direction of the cords is larger than its 
dimension along a second direction perpendicular to 
the first direction and the longitudinal direction, 

20 the optical connector plug alignment block comprises a 
first alignment unit having a plurality of guide pas- 
sages formed therein in a predetermined alignment 
which allow the operated- side optical fiber cords to 
pass therethrough so that the first direction of the 

25 operated-side optical fiber cords is vertical, and a 
second alignment unit provided between the first 
alignment unit and the redundant cord storage unit and 
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having a plurality of guide passages formed therein in 
a predetermined alignment which allow the operated- 
side optical fiber cords to pass therethrough so that 
the first direction of the operated-side optical fiber 
5 cords is horizontal. 

In an optical connector plug alignment block 
according to an eighth aspect of the invention, when 
the operated- side optical connector plug is pulled out 
from the optical adapter in the connection block and 

10 the operated- side optical fiber cord of the operated- 
side plug is retracted into the redundant cord storage 
unit, the operated-side optical fiber cord passes 
through the first alignment unit with the first direc- 
tion of the cord aligned vertically and then passes 

15 through the second alignment unit with the cord's 
first direction aligned horizontally, so that the cord 
is twisted 90 degrees before being accommodated into 
the redundant cord storage unit. Since the first 
direction of the operated- side optical fiber cord is 

20 aligned by the guide passage in the first alignment 
unit such that the first direction of the operated- 
side optical fiber cord is vertical, the operated- side 
plug that has reached the guide passage in the first 
alignment unit can be held almost in a predetermined 

25 rotational position with respect to the first align- 
ment unit . 

According to the optical connector plug alignment 
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block which is the eighth aspect of the present inven- 
tion, since the operated-side optical fiber cord is 
accommodated into the redundant cord storage unit with 
the cord's first direction aligned a horizontally 
5 condition that facilitates the folding of the cord. 
Therefore, the operated- side optical fiber cord can be 
accommodated efficiently in the storage unit. Further- 
more, since the operated-side optical connector plug 
is held in the optical connector plug alignment block 

10 with its first direction aligned vertically, the oper- 
ated-side optical connector plug can be held almost in 
a predetermined rotational position, assuring a highly 
reliable plug cross -connecting operation. 

The above and other objects, effects, features 

15 and advantages of the present invention will become 
more apparent from the following description of em- 
bodiments thereof taken in conjunction with the accom- 
panying drawings . 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view showing an outline of one 
embodiment of an optical connector plug according to 
the present invention; 
25 Fig. 2 is a cross-sectional view taken along the 

line II-II of Fig. 1; 

Fig. 3 is a cross- sectional view taken along the 
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line III-III of Fig. 1; 

Fig. 4 is a perspective view of the optical 
connector plug of Fig. 1 as seen from the front; 

Fig. 5 is a perspective view of the optical 
5 connector plug of Fig. 1 as seen from the rear; 

Fig. 6 is a side view showing the optical connec- 
tor plug of Fig* 1 locked by a plug locking hook; 

Fig. 7 is a cross -sectional view taken along the 
line VII-VII of Fig. 6; 
10 Fig. 8 is a cross-sectional view, similar to Fig. 

7, of another embodiment of the present invention; 

Fig. 9 is a perspective outline view of a han- 
dling device in an open state for holding the optical 
connector plug of Fig. 1; 
15 Fig. 10 is a perspective outline view of a han- 

dling device in a closed state for holding the optical 
connector plug of Fig. 1; 

Fig. 11 is a side view schematically showing an 
outline of one embodiment of an optical fiber cross - 
20 connection apparatus according to the present inven- 
tion, with an operated- side optical connector plug 
disconnected from the connection block; 

Fig. 12 is a side view schematically showing an 
outline of the optical fiber cross-connection appara- 
25 tus of Fig. 11 , with an operated-side optical connec- 
tor plug released from the handling device; 

Fig. 13 is a side view schematically showing an 
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outline of the optical fiber cross-connection appara- 
tus of Fig. 11, with the operated- side optical connec- 
tor plug received in a predetermined alignment in the 
optical connector plug alignment block; 
5 Fig. 14 is a perspective view showing a tapered 

portion of the optical connector plug of Fig. 1 about 
to pass between optical fiber cords; 

Fig. 15 is a perspective view showing the tapered 
portion of the optical connector plug of Fig. 1 just 
10 passing between optical fiber cords; 

Fig. 16 is a perspective view schematically 
showing an outline of one embodiment of an optical 
connector plug alignment block according to the pre- 
sent invention; 

15 Figs. 17-20 are front views showing relations 

between optical fiber cords and retraction rollers 
formed with guide grooves of different cross -sectional 
shapes in the optical fiber cord retraction device; 

Figs. 21-25 are schematic diagrams showing dif- 

20 fering cross-sectional shapes of optical fiber cords 
according to the present invention; 

Figs. 26-32 are schematic diagrams showing dif- 
fering cross-sectional shapes of a rotation position 
reference surface according to the present invention; 

25 Fig. 33 is an overall plan view schematically 

showing an optical fiber cross-connection apparatus to 
which the present invention is applied; and 
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Fig. 34 is a side view of the optical fiber 
cross-connection apparatus of Fig. 33. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

5 

Now, embodiments of the present invention will be 
described by referring to the accompanying drawings. 
Figs. 1 to 3 are a side view of an optical connector 
plug of this invention as one embodiment and cross - 

10 sectional views taken along the lines II-II and III- 
III. Fig. 4 and Fig. 5 are overall perspective views 
of the optical connector plug as seen from the front 
and the rear. Fig. 6 to Fig. 8 are a side view showing 
the optical connector plug locked by a plug locking 

15 hook # a cross -sectional view taken along the line VII- 
VII and a cross-sectional view similar to Fig. 7 of a 
plug locking hook in another embodiment. Fig. 9 and 
Fig. 10 are perspective views of a handling device for 
holding an optical connector plug in an open state and 

20 in a closed state. Fig. 11 to Fig. 13 are overall side 
views of an optical fiber cross-connection apparatus, 
with Fig. 11 representing a state in which an oper- 
ated-side optical connector plug is disconnected from 
the connection block. Fig. 12 representing a state in 

25 which the operated-side optical connector plug is 
released from the handling device and Fig. 13 repre- 
senting a state in which the operated- side optical 
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connector plug is received in a predetermined align- 
ment in the optical connector plug alignment block. 

Let us first explain about the construction of an 
optical connector plug and then, in an optical fiber 
5 cross-connection apparatus, describe how the optical 
connector plug, the optical fiber cross-connection 
apparatus and the optical connector plug alignment 
block are operated. 

As shown in Fig, 1 to Fig, 5, the optical connec- 

10 tor plug 1 has an inserted portion 2 disposed on the 
front end side for optical connection, a plug body 5 
accommodating and holding the inserted portion 2, a 
flange portion 3 provided on the plug body 5 at the 
front end thereof from which the inserted portion 2 

15 protrudes, a positioning/gripping portion 6 provided 
on the plug body 5 at the rear end thereof, and pro- 
jections 4 extending from an outer diameter of the 
flange portion 3 toward an outer diameter of the plug 
body 5. The optical connector plug 1 has an optical 

20 fiber cord F2 passing therethrough which is optically 
connected by engaging a front end of the inserted 
portion 2 with an opposing inserted portion (not 
shown) . 

The inserted portion 2 used here has a construc- 
25 tion of an angled physical contact (APC) optical con- 
nector plug in which its front end is polished at a 
certain angle together with an optical fiber connect - 
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ing end surface not shown. The inserted portion 2 is 
not limited to any particular construction or material 
as long as it can assure an optical connection. 

The plug body 5 of the optical connector plug 1 
5 has a front end portion 9 formed cylindrical and hav- 
ing an opening at the front end side in which to in- 
sert the inserted portion 2, and a cylinder portion 8 
formed cylindrical behind the front end portion 9 with 
its diameter smaller than that of the front end por- 

10 tion 9. The plug body 5 may also be formed uniform in 
diameter as long as it can receive and hold the in- 
serted portion 2 and the optical fiber cord F2 for 
secure optical connection. 

As shown in Fig. 1 to Fig. 7, the flange portion 

15 3 of the optical connector plug 1 is formed like a 
ring of a predetermined width protruding outwardly 
from the front end portion 9 so that its diameter is 
larger than that of the front end portion 9 of the 
plug body 5. The flange portion 3 has a rounded por- 

20 tion 3a formed along its circumf erence to remove an 
angled edge and a hook engagement face 3b formed on a 
rear surface thereof facing the front end portion 9. 
This flange portion 3 is engaged by plug locking mem- 
bers 12 of an optical adapter 11 (see Fig. 11 to Fig. 

25 13). While the flange portion 3 in this embodiment is 
formed circular when viewed from the front, it may 
take any desired shape, e.g., square, rectangle or 
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even polygon. 

As shown in Fig. 1 to Fig. 5, the projections 4 
of the optical connector plug 1 have tapered surfaces 
4a of a predetermined width extending from an outer 
5 diameter portion of the flange portion 3 toward the 
cylinder portion 8 of the plug body 5. In this embodi- 
ment, there are four projections 4 formed equidis- 
tantly (90 degrees apart) on a circumference of the 
plug body 5. End portions of the projections 4 on the 

10 side of the flange portion 3 engage the rear surface 
of the flange portion 3 and opposite end portions on 
the side of the cylinder portion 8 merge into an in- 
clined surface, an annular tapered portion 4b, con- 
tinuous with the tapered surfaces 4a. 

15 The projections 4 may be formed of the same 

material as, and formed integral with, the plug body 5, 
or they may be formed of different materials than that 
of the plug body 5 and bonded or joined to the plug 
body 5. Further, while the length of the projections 4 

20 in the direction of axis of the plug body 5 is set to 
range from the hook engagement face 3b of the flange 
portion 3 to the front end of the cylinder portion 8, 
it may be extended to a central part of the cylinder 
portion 8 if the projections 4 do not interfere with 

25 the gripping action of a handling device 30 described 
later. 

Further, as shown in Fig. 1 to Fig. 3 and Fig. 6 
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and Fig. 7, the projections 4 each have a flat surface 
4c , flush with the outer diameter of the flange por- 
tion 3, through which a tapered surface 4a is formed, 
so as to increase an area of contact between side 
5 surfaces of each projection 4 and locking hooks 13 of 
the plug locking members 12. The flat portion 4c of 
each projection 4 may not be provided if a sufficient 
contact area between the engaging locking hooks 13 and 
the projections 4 can be secured to prevent a possible 

10 rotation of the optical connector plug 1 in a circum- 
ferential direction of the inserted portion 2. 

Further, as shown in Fig. 4 to Fig. 7, the inter- 
val in the plug circumferential direction at which the 
projections 4 are provided need only be such that the 

15 engagement of the projections 4 by the plug locking 
members 12 of the optical adapter 11 (see Fig. 11 to 
Fig. 13) can prevent the rotation of the optical con- 
nector plug 1 in the circumferential direction of the 
inserted portion 2. The projections 4, as shown in Fig. 

20 7, are formed to extend crosswise so that vertically 
arranged projections 4 insert into recessed portions 
13a formed between paired upper locking hooks 13 and 
between paired lower locking hooks 13 of the plug 
locking members 12. The projections 4 are not limited 

25 to any particular number, width and shape as long as 
they can prevent a possible rotation of the plug. Thus, 
if locking hooks 13A of the plug locking members 12 
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are not provided with the recessed portions 13a, the 
rotation of the plug in the circumferential direction 
can be prevented and the attitude of the plug for 
optical connection maintained by providing grooves 
5 fitted to the locking hooks 13A or projections 14 
adjacent to the locking hooks 13A, as shown in Fig. 8. 

As shown in Fig. 1 to Fig. 5, the position- 
ing/gripping portion 6 at the rear end of the plug 
body 5 of the optical connector plug 1 has a pair of 

10 parallel rotational phase reference surfaces 6a ex- 
tending vertically to form raised or recessed portions 
(in this case, recessed portions) in a circumferential 
outer diameter portion which is larger in diameter 
than the cylinder portion 8. The positioning/gripping 

15 portion 6 is held to a corresponding engagement refer- 
ence portion 16 of the handling device 30 that grips 
and moves the optical connector plug 1, so that the 
attitude of the plug for optical connection can be 
maintained. 

20 The rotational phase reference surfaces 6a are 

not limited to a particular shape or position (side 
surface or upper or lower surface) as long as they can 
form raised or recessed portions in the circumferen- 
tial outer diameter portion and maintain a predeter- 

25 mined optical connection attitude. For example, they 
may be formed as shown in Fig. 27 to Fig. 32. 

The positioning /gripping portion 6 may be formed 
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as shown in Fig. 27, in which a positioning/gripping 
portion 6B has a pair of rectangular raised portions 
6b protruding from a cylindrical portion at the rear 
end side of the cylinder portion 8. In another example, 
5 as shown in Fig. 28 , a positioning/gripping portion 6C 
may have a pair of hemispherically raised portions 6c 
protruding from the cylindrical portion at the rear 
end side of the cylinder portion 8. Further, as shown 
in Fig. 29, a positioning/gripping portion 6D may have 

10 a pair of grooves 6d recessed from the cylindrical 
portion at the rear end side of the cylinder portion 8. 

Further, as shown in Fig. 30, a position- 
ing/gripping portion 6E may have a pair of serrated 
portions 6e extending longitudinally along the length 

15 of the cylindrical portion at the rear end side of the 
cylinder portion 8. In a further example, as shown in 
Fig. 31, a positioning/gripping portion 6F may have 
one rectangular raised portion 6f protruding from the 
cylindrical portion at the rear end side of the cylin- 

20 der portion 8. In a still further example, as shown in 
Fig. 32, a positioning/gripping portion 6G may have a 
pair of rotational phase reference surfaces 6a of Fig. 
26 and a pair of projections 6g protruding from the 
reference surfaces 6a. 

25 For the constructions shown in Fig. 26 to Fig. 32, 

it is of course necessary to match the engagement 
reference portion 16 (see Fig. 9, Fig. 10) of the 



39 



handling device 30 (Fig. 9, Fig. 10) to the shapes of 
the positioning/ gripping portions 6-6G. 

The positioning/gripping portion 6 of the optical 
connector plug 1 has at its rear portion an engaging 
5 supported portion 7 that is received and supported in 
a support hole 25 of an optical connector plug align- 
ment block 21 when the plug is received in a predeter- 
mined alignment in the block 21. The engaging sup- 
ported portion 7 has an inclined surface in a circum- 

10 ferential direction and when the optical connector 
plug 1 is received in the predetermined alignment in 
the optical connector plug alignment block 21, it is 
supported in the block so that the handling device 30 
can grip the pair of rotational phase reference sur- 

15 faces 6a and the cylinder portion 8. 

The optical fiber cord F2 joined to the optical 
connector plug 1 may have an elliptical cross section, 
as in the case of a 2 -core fiber tape shown in Fig. 4 
and Fig. 5, in addition to a round cross section. Here, 

20 for the optical connector plug 1 to be supported al- 
ways in a predetermined attitude in the optical con- 
nector plug alignment block 21, the optical fiber cord 
F2 is formed into an almost elliptical shape in cross 
section that has a longer radius and a shorter radius. 

25 That is, as shown in Fig. 21 to Fig. 25, the 

optical fiber cords F2 to F2d are formed into an al- 
most oval shape in cross section that is perpendicular 
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to the longitudinal direction and which has a longer 
radius and a shorter radius passing through its cross - 
sectional gravity center. In addition to the near 
elliptical shape, the optical fiber cord may be formed 
5 into a rectangular shape, a gourd- like shape and also 
one in which a pair of serrations are formed on the 
outer circumference along the length of the optical 
fiber cord F2. The cord may take any other desired 
shape in cross section as long as the cord cross sec- 

10 tion can restrain the optical connector plug 1 so that, 
when the plug is received and supported in the optical 
connector plug alignment block 21 described later, the 
plug always assumes a particular attitude. 

Next, by referring mainly to Fig. 11 to Fig. 13, 

15 we will describe an optical fiber cross-connection 
apparatus A and an optical connector plug alignment 
block 21 which both use the optical connector plugs 1 
explained above as the operated- side optical connector 
plugs . 

20 The optical fiber cross-connection apparatus A 

includes a connection block 10, a handling device 30, 
and an accommodation/alignment system 20. The connec- 
tion block 10 has a plurality of jacks or optical 
adapters 11 aligned in a predetermined alignment, each 

25 of which receives at one end (first end) a stationary- 
side optical connector plug IB and at the other end 
(second end) removably receives an operated-side opti- 
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cal connector plug 1 to optically connect them to- 
gether. The handling device 30 has a lateral moving 
system (not shown) to insert the operated-side optical 
connector plug 1 into the second end of a given opti- 
5 cal adapter 11 of the connection block 10. The accom- 
modation/alignment system 20 is provided to oppose the 
connection block 10 and adapted to cross -connect of 
the operated-side optical connector plugs 1. The 
accommodation/ alignment system 20 has an optical con- 

10 nector plug alignment block 21 to set the operated- 
side optical connector plugs 1 in a predetermined 
attitude or alignment; an optical fiber cord retrac- 
tion device 22 provided behind the optical connector 
plug alignment block 21; and a redundant cord storage 

15 unit 23 provided behind the optical fiber cord retrac- 
tion device 22 . 

The connection block 10 has an array of optical 
adapters 11 arranged in rows and columns. A position- 
ing sensor (not shown) may be provided at a position 

20 facing the handling device 30 to precisely determine 
the position of the handling device 30, as necessary. 

The optical adapters 11 establish optical connec- 
tions between the stationary- side optical connector 
plugs IB inserted into one longitudinal end thereof 

25 and the operated-side optical connector plugs 1 in- 
serted into the other end. In this embodiment, the 
construction of an optical fiber cross-connection 
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apparatus not shown for the stationary- side optical 
connector plugs IB is different from that of an opti- 
cal fiber cross-connection apparatus A for the oper- 
ated-side optical connector plugs 1. The operated- side 
5 optical connector plugs 1 inserted in the optical 
adapters 11 are of general use type, identical in 
construction, for example, with SC or MU type plugs. 
That is f they have a coil spring (not shown) therein 
which, when the operated- side optical connector plug 1 

10 is inserted into the optical adapter 11, keeps the 
inserted portion 2 of the plug 1 pressed toward the 
stationary-side optical connector plug IB. 

As shown in Figs. 11-13 and Figs. 6-7, the opti- 
cal adapter 11 is formed with a split sleeve (not 

15 shown) into which the inserted portions 2 of the opti- 
cal connector plugs 1, IB are inserted, and also has a 
cylindrical ferrule (not shown) for optically connect- 
ing these plugs. The optical adapter 11 also has a 
pair of upper and lower plug locking members 12 ex- 

20 tending horizontally from the second end thereof, into 
which the operated- side optical connector plug 1 is 
inserted. 

As shown in Fig. 6 and Fig. 7, the plug locking 
members 12 are arranged at positions vertically sepa- 
25 rated from each other by a distance slightly larger 
than an outer diameter of the flange portion 3 . Each 
of the upper and lower plug locking members 12 has a 
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pair of locking hooks 13 with a recessed portion 13a 
formed therebetween. The recessed portions 13a between 
the paired locking hooks 13 of the upper and lower 
hooks have a width such that the paired locking hooks 
5 13 can engage over each of the projections 4. 

The plug locking members 12 are made of a mate- 
rial that produces an elastic force, against which 
they are vertically opened by the pressing action of 
the handling device 30 described later and which , when 

10 they are released from the pressing action of the 
handling device 30, causes them to return to their 
preset positions . While in this embodiment the plug 
locking members 12 are arranged to hold the operated- 
side optical connector plug 1 from above and below, 

15 they may be arranged to clamp the plug from lateral 
sides. It is also possible to arrange the plug locking 
members 12 at positions corresponding to the projec- 
tions 4 formed in the operated- side optical connector 
plug 1 so that the hooks adjoin the projections 4. 

20 The handling device 30 # as shown in Fig. 6 to Fig. 

13, has a pair of fingers 31 for holding the operated- 
side optical connector plug 1 and is moved by a lat- 
eral moving system (not shown) that can move freely 
between the connection block 10 and the optical con- 

25 nector plug alignment block 21 in X, Y and Z direc- 
tions (in a vertical direction, a first horizontal 
direction and a second horizontal direction perpen- 
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dicular to the first two directions). This handling 
device 30 is formed to match the shape of the oper- 
ated-side optical connector plug 1 and the paired left 
and right fingers 31 are formed laterally symmetrical. 
5 Each of the paired fingers 31 is shaped like a 

letter L and has a pair of upper and lower engag- 
ing/pushing portions 32 , notched portions 33 formed at 
positions corresponding to the projections 4, a body 
support portion 34 for engaging and holding the plug 

10 body 5 of the operated-side optical connector plug 1, 
and one of paired engagement reference portions 16 
that engage the positioning/gripping portion 6 of the 
operated- side optical connector plug 1 to keep the 
operated- side plug in a predetermined attitude or 

15 alignment at all times. 

The handling device 30 is not limited to any 
particular configuration or shape as long as it can 
move the operated- side optical connector plug 1 to 
engage it with or disengage it from the plug locking 

20 members 12 and also has the above-described engagement 
reference portions 16. 

Next, the construction of the accommoda- 
tion/alignment system 20 will be explained. As shown 
in Fig. 11 to Fig. 13 , the optical connector plug 

25 alignment block 21 supports the operated- side optical 
connector plugs 1 in a row at a predetermined height , 
with the plugs protruding horizontally in a predeter- 
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mined alignment. The optical connector plug alignment 
block 21 has alignment through-holes 25 passing there- 
through as guide passages for the optical fiber cords 
F2 of the operated- side optical connector plugs 1. The 
5 alignment through-holes 25 are made to match the shape 
of the optical fiber cords F2 and receive them there- 
through. The alignment through-holes 25 have a guide 
portion 21a at one end. 

The alignment through-holes 25 in the optical 

10 connector plug alignment block 21 are formed as 
through-holes whose cross sections match oval or flat 
cross sections of the optical fiber cords F2 of the 
operated- side optical connector plugs 1. In this 
embodiment, the alignment through-holes 25 are so set 

15 that their longer radius direction is vertical and 
shorter radius direction horizontal. This causes the 
optical fiber cords F2 of the operated- side plugs to 
pass through the alignment through-holes 25 in such an 
attitude that their longer radius direction is verti- 

20 cal and shorter radius direction horizontal. The guide 
portions 21a of the optical connector plug alignment 
block 21 have a conical inclined surface (see Fig. 16) 
which the engaging supported portion 7 of the oper- 
ated-side optical connector plug 1 engages. 

25 The optical fiber cord retraction device 22, as 

shown in Fig. 16, has a retraction roller 19 and an 
idle roller 24 , both provided behind the optical con- 
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nector plug alignment block 21 and in front of the 
redundant cord storage unit 23 at predetermined dis- 
tances from the alignment block 21 and the storage 
unit 23. The idle roller 24 is disposed above the 
retraction roller 19 in such a manner that it can be 
moved by a lateral moving system 26 in an axial direc- 
tion of the retraction roller 19. The optical fiber 
cord retraction device 22 has a first guide block 29 
provided on the optical connector plug alignment block 
21 side (front side) facing the retraction roller 19 
and a second guide block 35 provided on the redundant 
cord storage unit 23 side (rear side) facing the re- 
traction roller 19. 

As shown in Fig. 16 and Fig. 17, the retraction 
roller 19 is rot at ably supported on a support frame 17 
through a rotational driving system 18 and has guide 
grooves 19a formed on its outer circumferential sur- 
face at predetermined intervals . The height at which 
the retraction roller 19 is provided on the support 
frame 17 is such that the optical fiber cords F2 of 
the operated- side optical connector plugs 1 to be 
received in a predetermined alignment in the optical 
connector plug alignment block 21 can be appropriately 
guided on the retraction roller 19. In this example, 
since the optical fiber cords F2 of the operated-side 
plugs are guided through the first guide block 29, 
there is a large degree of freedom in setting the 
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distance between the optical connector plug alignment 
block 21 and the retraction roller 19. Similarly, the 
distance between the redundant cord storage unit 23 
and the retraction roller 19 also has a high degree of 
5 freedom since the optical fiber cords F2 are guided 
through the second guide block 35. 

The retraction roller 19 has the same number of 
guide grooves 19a , separated at equal intervals by 
land portions 19b or spacers, as the optical fiber 

10 cords F2 of the operated- side plugs 1 that are to be 
retracted properly into the optical connector plug 
alignment block 21. The guide grooves 19a may not be 
formed over the entire axial length of the retraction 
roller 19, but only at positions where the optical 

15 fiber cords F2 are considered, from past data on ac- 
tual use, likely to develop lasting deformations such 
as twisting and bending. They may also be formed at 
any desired position among three equally divided por- 
tions of the axial length of the retraction roller 19 , 

20 e.g., at a central portion or at side portions. 

The guide grooves 19a are not limited to a par- 
ticular configuration and may adopt any desired con- 
figurations, such as shown in Fig. 17 to Fig. 20, as 
long as they can appropriately feed the optical fiber 

25 cords F2, held between the idle roller 24 and the 
retraction roller 19. 

That is, as shown in Fig. 17, the guide grooves 
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19a are formed such that their width Wl is smaller 
than a longer diameter L of the optical fiber cords F2 
and that their depth dl is deep enough to keep the 
optical fiber cords F2 out of contact with their bot- 
5 torn 19c . While the depth dl of the guide grooves 19a 
is set smaller than a shorter diameter S of the opti- 
cal fiber cords F2, it may be set so that the optical 
fiber cords F2 contact the bottom 19c. 

Further, in a configuration shown in Fig. 18, 

10 guide grooves 19ax have a width W2 equal to or larger 
than the longer diameter L of the optical fiber cords 
F2 and a depth d2 such that the optical fiber cords F2 
are in contact with a bottom 19ci of the guide grooves 
19a a . The depth d2 of the guide grooves 19a x is set 

15 smaller than the shorter diameter S of the optical 
fiber cords F2. Thus, the guide grooves 19a x have a 
greater contact area with each of the optical fiber 
cords F2 and therefore can guide the optical fiber 
cords F2 stably. 

20 In another configuration shown in Fig. 19, guide 

grooves 19a 2 have a width W3 equal to or larger than 
the longer diameter L of the optical fiber cords F2 
and a depth d3 such that the optical fiber cords F2 
are in contact with a bottom 19c 2 of the guide grooves 

25 19a 2 . The depth d3 of the guide grooves 19a 2 is set 
larger than the shorter diameter S of the optical 
fiber cords F2 . Therefore, the idle roller 24 is 
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formed to a width that allows its engagement with the 
optical fiber cord F2 or is provided with a thin por- 
tion 24b (see Fig. 20) that can insert into the guide 
groove 19a 3 . As a result, the optical fiber cord F2 is 
5 accommodated in the guide groove 19a 2 as it is re- 
tracted or drawn, so that even if the optical fiber 
cord F2 develops lasting deformations such as twisting 
and bending, the cord can be retracted or drawn appro- 
priately. 

10 In still another configuration shown in Fig. 20, 

guide grooves 19a 3 have a width W4 equal to or larger 
than the longer diameter L of the optical fiber cords 
F2 and a depth d4 such that the optical fiber cords F2 
are in contact with a bottom 19c 3 of the guide grooves 

15 19a 3 . The depth d4 of the guide grooves 19a 3 is set 
1.5 times or more larger than the shorter diameter S 
of the optical fiber cords F2 . Therefore, the idle 
roller 24 is formed to a width (see Fig. 19) that 
allows its engagement with the optical fiber cord F2 

20 or is provided at its circumference with a thin por- 
tion 24b (see Fig. 20) that can engage the optical 
fiber cord F2 . As a result, even if the optical fiber 
cord F2 develops lasting deformations such as twisting 
and bending, these erratic deformations can be ab- 

25 sorbed within the guide groove 19a 3 as the cord is 
guided through the groove, thus assuring an appropri- 
ate transport of the cord. 
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Although the cross sections of the guide grooves 
19a-19a 3 in Fig. 17 to Fig. 20 have been described to 
be rectangular as an example, they may be formed into 
a triangle, trapezoid, semicircle, or semi-ellipse 
5 which matches the cross -sectional shape of the optical 
fiber cord F2 . The guide grooves 19a-19a 3 or the land 
portions 19b-19b 3 may be formed directly on the retrac- 
tion roller 19. Alternatively, a cylindrical member 
formed with the guide grooves 19a-19a 3 or the land 

10 portions 19b-19b 3 may be press-fitted onto a column- 
shaped core member to form the retraction roller 19. 
It is also possible to form a large-friction surface 
with, for example, fine undulations (not shown) or use 
a material of large frictional resistance such as 

15 rubber (not shown) in that part of the retraction 
roller 19 which engages the optical fiber cord F2 . 

Further, as shown in Fig. 16, the rotational 
driving system 18 rotates the retraction roller 19 at 
a predetermined speed and switches the rotation be- 

20 tween a clockwise and a counterclockwise direction , as 
necessary, through a drive motor (with or without a 
reduction gears) secured to the support frame 17. 

Next, we will describe the idle roller 24 of the 
optical fiber cord retraction device 22. As shown in 

25 Fig. 16 and Fig. 17, the idle roller 24 is rotatably 
supported on a holder 28, which in turn is supported 
on a slider 15 so as to be vertically movable toward 
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or away from the retraction roller 19. The slider 15 
is mounted on a feed screw 27 as a motion guide ex- 
tending in the direction of axis of the retraction 
roller 19. This idle roller 24 is formed to a width 
5 such that it can engage a given optical fiber cord F2. 
As with the retraction roller 19 , the idle roller 24 
may also be constructed (not shown) to produce an 
increased friction for the optical fiber cord F2. 

The idle roller 24 is driven to rotate in contact 

10 with the optical fiber cord F2 by the rotation of the 
retraction roller 19. It is also possible to provide a 
drive system for the idle roller 24 independent of the 
drive system for the retraction roller 19 and rotate 
the idle roller 24 in synchronism with the retraction 

15 roller 19. 

The lateral moving system 26 for moving the idle 
roller 24 in the axial direction of the retraction 
roller 19 has, in one example shown in Fig. 16, a 
drive motor 26a for rotating the feed screw 27, a 

20 drive belt 26b and a transmission pulley 26c. Rotating 
the feed screw 27 can move the slider 15, and there- 
fore the idle roller 24, along the feed screw 27 to a 
position on a given optical fiber cord F2 . 

The slider 15 has a lift mechanism (not shown) to 

25 raise or lower the holder 28, and when the slider 15 
is moved in the axial direction of the retraction 
roller 19, the idle roller 24 is lifted out of contact 
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with the optical fiber cord F2. After the idle roller 
24 reaches a position directly above the given optical 
fiber cord F2, the slider 15 is stopped and the holder 
28 lowered to the retraction roller 19, to engage the 
5 idle roller 24 against the optical fiber cord F2. 

As shown in Fig. 16, the first guide block 29 is 
a wall plate of a certain thickness which has, as 
guide passages of this invention, the same number of 
guide through-holes 29a as that of the optical fiber 

10 cords F2 of the operated- side plugs 1 that are to be 
received in a predetermined alignment in the optical 
connector plug alignment block 21. The guide through- 
holes 29a in the first guide block 29 are set at a 
height that allows the optical fiber cords F2 to be 

15 guided appropriately into the guide grooves 19a of the 
retraction roller 19. In this construction, the first 
guide block 29 may be divided along the center line of 
the guide through-holes 29a into an upper and a lower 
portion (not shown). It is also possible to use guide 

20 grooves 29A, indicated by imaginary lines in Fig. 16, 
instead of the guide through-holes 29a in the first 
guide block 29. In this embodiment, the guide through- 
holes 29a are aligned horizontal by setting their 
longer radius direction horizontal and shorter radius 

25 direction vertical so that the optical fiber cords F2 
pass through the guide through-holes 29a in an align- 
ment such that a longer radius direction of the opti- 
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cal fiber cords F2 is horizontal and a shorter radius 
direction vertical. That is, the optical fiber cords 
F2 are twisted through 90 degrees between the optical 
connector plug alignment block 21 and the first guide 
5 block 29. Thus, after having passed through the second 
guide block 35, the optical fiber cords F2 have their 
shorter radius directed vertically and thus can easily 
be folded in vertical tiers as they are accommodated 
in the redundant cord storage unit 23. This prevents a 

10 possible twisting of the cords, assuring their effi- 
cient storage. 

In the case of the first guide block 29 with the 
guide grooves 29A, the guide grooves 29A may be formed 
in an L shape (not shown) to restrict a vertical move- 

15 ment of the optical fiber cords F2. The second guide 
block 35 has the same construction as the first guide 
block 29. That is, it has a line of guide through- 
holes 35a set in a predetermined alignment with their 
longer radius direction set horizontal and shorter 

20 radius direction set vertical. Thus, the optical fiber 
cords F2 situated between the first guide block 29 and 
the second guide block 35 are held in a straight line. 

Depending on the cross-sectional shape of the 
optical fiber cords F2, it is possible to omit the 

25 first guide block 29 or the second guide block 35. 

Next , the optical connector plug alignment block 
21, as shown in Fig. 16, has the same number of guide 
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portions 21a, which support the engaging supported 
portions 7 at the rear end of the operated- side opti- 
cal connector plugs 1, as that of the operated- side 
plugs 1 and also the same number of alignment through- 
5 holes 25 , that match the outer shape of the optical 
fiber cords F2 f as that of the optical fiber cords F2. 
When the optical fiber cords F2 are retracted into the 
alignment through-holes 25 of the alignment block 21 , 
the engaging supported portions 7 of the operated- side 

10 optical connector plugs 1 are inserted into the guide 
portions 21a, with the result that the operated- side 
optical connector plugs 1 protrude perpendicularly 
from the alignment block 21 (see Fig. 13). In this 
case, since the inner circumference of each alignment 

15 through-holes 25 is given a certain directivity or 
alignment, the operated- side optical connector plug 1 
is set in a rotary direction so that its paired rota- 
tional phase reference surfaces 6a are parallel to the 
longer radius direction of the optical fiber cord F2 

20 joined to the operated-side plug 1. 

The redundant cord storage unit 23, as shown in 
Fig. 16, has a plurality of storing compartments 23A, 
each with a partition plate 23a disposed between the 
individual optical fiber cords F2 and a cover plate 

25 23b disposed above the partition plate 23a, in order 
to accommodate in an orderly manner the optical fiber 
cords F2 drawn out from the optical fiber cord retrac- 
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tion device 22 without entangling them. In addition to 
an arrangement in which the partition plates 23a are 
set vertical in the redundant cord storage unit 23 as 
in this embodiment, they may be inclined at a prede- 
5 termined angle. In either case, the partition plates 
23a are formed to such width and height dimensions as 
will prevent adjacent optical fiber cords F2 from 
getting entangled. 

Although, in the aforementioned optical fiber 

10 cord retraction device 22, the retraction roller 19 is 
formed with the guide grooves 19a to ensure an appro- 
priate retraction of the optical fiber cords F2 even 
if they develop lasting deformations such as twisting 
and bending, it is possible to form a guide groove 

15 similar to the guide grooves 19a, 19ax shown in Fig. 17 
and Fig . 18 in the circumferential surface of the idle 
roller 24 and to have the entire surface of the re- 
traction roller 19 formed planar. 

Further, the lateral moving system 26 for moving 

20 the idle roller 24 in the axial direction of the re- 
traction roller 19 is not limited to a particular 
configuration as long as it can move the idle roller 
24 appropriately. For example, the feed screw 27 may 
be replaced with a belt drive. 

25 Next, a cross-connecting operation performed by 

the optical fiber cross-connection apparatus A will be 
explained by referring mainly to Fig. 6 to Fig. 13. As 
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shown in Fig. 11 and Figs- 9-10 f the handling device 
30 grips one of the arrayed operated- side optical 
connector plugs 1 supported in a predetermined align- 
ment or attitude in the optical connector plug align- 
5 ment block 21. During this gripping process, the 
paired rotational phase reference surfaces 6a of the 
positioning/gripping portion 6 of the operated- side 
optical connector plug 1 engage the corresponding 
engagement reference portions 16 of both fingers 31 
10 and the plug body 5 engages the body support portions 
34. 

Gripping the operated- side optical connector plug 
1 supported in the alignment block 21 with the han- 
dling device 30 can set and maintain the operated- side 

15 plug 1 in an attitude or alignment suited for insert- 
ing into the optical adapter 11 for optical connection. 

The operated- side optical connector plug 1 thus 
held in the connection alignment is transported by the 
handling device 30 to the front of a target optical 

20 adapter 11. Then, as the handling device 30 holding 
the operated- side optical connector plug 1 advances, 
the engaging/pushing portions 32 push open the locking 
hooks 13 of the pair of upper and lower plug locking 
members 12 against the hooks' elastic force to insert 

25 the inserted portion 2 of the operated- side optical 
connector plug 1 into the optical adapter 11. When the 
flange portion 3 moves past the locking hooks 13 , the 



57 



plug locking members 12 snap back to their original 
positions by their elastic force to lock the flange 
portion 3 with the locking hooks 13, integrally engag- 
ing the operated- side optical connector plug 1 to the 
5 second end of the optical adapter 11 to establish an 
optical connection with the stationary- side optical 
connector plug IB. By moving the handling device 30 to 
stop its engaging/pushing portions 32 from pressing 
against the locking hooks 13 of the plug locking mem- 

10 bers 12, the plug locking members 12 can be reset to 
their original positions. 

At this time, since the projections 4 of the 
operated- side optical connector plug 1 are held in the 
recessed portions 13a of the locking hooks 13, the 

15 operated- side optical connector plug 1 is blocked from 
rotation by the locking hooks 13, thus maintaining an 
appropriate optical connection at all times with an 
inserted portion (not shown) of the stationary- side 
optical connector plug IB inserted into the first end 

20 of the optical adapter 11. 

Next, when the operated-side optical connector 
plug 1 is to be disconnected from the optical adapter 
11, the engaging/pushing portions 32 of the fingers 31 
are pressed against the inclined portions of the lock- 

25 ing hooks 13 to push them radially- outwardly , causing 
the plug locking members 12 to vertically open, as 
shown in Fig. 12 and Fig. 6. As a result, the flange 
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portion 3 of the operated- side optical connector plug 
1 is released from the locking hooks 13 . 

At the same time, a coil spring built into the 
operated- side optical connector plug 1 pushes the 
5 inserted portion 2 outwardly from the second end of 
the optical adapter 11 to part from the inserted por- 
tion of the stationary- side optical connector plug IB 
and move out of the optical adapter 11. Then, the 
operated- side optical connector plug 1 pushed out of 

10 the optical adapter 11 can now be moved rearwardly 
away from the connection block 10 by the handling 
device 30, with its projections 4 still engaged in the 
notched portions 33 of the handling device 30 and with 
its attitude allowing for an optical connection main- 

15 tained. 

Next, the handling device 30 that has disengaged 
the operated- side optical connector plug 1 from the 
optical adapter 11 opens its fingers 31 to completely 
release the operated-side plug 1. At this time, since 

20 the operated- side plug 1 assumes a drawn-out position 
from the optical connector plug alignment block 21 and 
is aligned such that its longer radius is vertical, a 
vertical deflection of the operated- side plug 1 by its 
own weight can be minimized. In this state, the opti- 

25 cal fiber cord retraction device 22 is activated to 
pull the operated- side optical connector plug 1 toward 
the optical connector plug alignment block 21. 
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At this time, as shown in Fig. 14 and Fig. 15, 
other optical fiber cords F2 hinder a smooth movement 
of the cord of interest. However, the tapered surfaces 
4a of the projections 4 alleviate a catching action of 
5 a step formed between the plug body 5 and the flange 
portion 3, allowing the optical fiber cord F2 of in- 
terest to slip through between other optical fiber 
cords F2 spread between the connection block 10 and 
the optical connector plug alignment block 21. Then, 

10 the optical fiber cord retraction device 22 retracts 
the optical fiber cord F2 of the operated- side plug 1 
into the redundant cord storage unit 23. At the same 
time, as the optical fiber cord F2 is guided through 
the guide portion 21a of the optical connector plug 

15 alignment block 21, the engaging supported portion 7 
of the operated-side optical connector plug 1 is 
brought into intimate engagement with the guide por- 
tion 21a of the optical connector plug alignment block 
21. Therefore, when supported on the optical connector 

20 plug alignment block 21, the operated- side optical 
connector plug 1 always assumes and maintains an 
alignment that allows for optical connection. 

The present invention has been described in 
detail with respect to preferred embodiments, and it 

2 5 will now be apparent from the foregoing to those 
skilled in the art that changes and modifications may 
be made without departing from the invention in its 
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broader aspect, and it is the intention, therefore, in 
the apparent claims to cover all such changes and 
modifications as fall within the true spirit of the 
invention. 
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